D espite the substantial improvements in endovascular techniques in the last 20 years, the success of percutaneous intervention is still limited. Especially in patients with stenosis or occlusions of femoropopliteal arteries, the rate of restenosis after angioplasty or stent implantation remains high compared with other vascular beds. After 1 year, restenosis occurs in 40% to 60% of treated vessels, [1] [2] [3] with patency rates in the superficial femoral artery ranging between 22% and 61% after bare metal stent implantation. 4 Neointimal hyperplasia leading to restenosis develops slowly. Therefore, current concepts of the prevention and therapy of restenosis after angioplasty or vascular stenting are based on sustained antiproliferative drug release into the vessel wall. Despite efficacy in coronary arteries, initial clinical trials of drug-eluting stents failed to indicate restenosis inhibition in the superficial femoral artery. [5] [6] [7] Coated PTCA Balloons study presented the first results of paclitaxel-coated balloons for treatment of coronary in-stent restenosis in humans. 14 Angiographic in-segment late lumen loss (LLL) and restenosis rate after 6 months were significantly reduced in the coated balloon group compared with the uncoated balloon group. However, differences in the anatomy and physiology of peripheral and coronary arteries and the disappointing results of a clinical trial in femoropopliteal arteries with stents coated in a manner similar to coronary drug-eluting stents 7 raise serious doubts about the predictive value of results obtained in coronary arteries for peripheral vessels.
The aim of the Femoral Paclitaxel (FemPac) trial was to investigate the efficacy and safety of percutaneous transluminal angioplasty (PTA) balloons coated with paclitaxel compared with conventional uncoated balloon catheters in a patient population with short femoropopliteal artery occlusion or stenosis.
Methods

Study Design
The efficacy, safety, and tolerance of paclitaxel on balloon catheters compared with identical uncoated balloon catheters in inhibiting restenosis of femoropopliteal arteries after PTA were investigated in 2 treatment arms. The randomized study was performed at the radiology departments of the medical schools of the universities of Berlin (Virchow Klinikum, Charité; 71 patients) and Greifswald (16 patients) . Blinding of the investigators was attempted but not guaranteed because of differences in the appearance of coated and uncoated balloons. Quantitative evaluation of 6-month angiographic control was performed by an independent core laboratory blinded to the type of treatment. The protocol was written in conformance with the Declaration of Helsinki (World Medical Assembly, 1996) and approved by the local institutional ethics committees. The study was conducted in compliance with the requirements of the German medical devices law. All patients provided written informed consent.
Patients
Eligible patients had an occlusion or stenosis Ն70% diameter of the superficial femoral artery and/or popliteal artery with clinical Rutherford stage 1 to 5. Study entry criteria also included adult age (18 to 90 years) and successful guidewire passage of the lesion. The main exclusion criteria were acute symptoms with an indication for thrombolytic therapy or operation, leg-threatening ischemia, distal outflow over Ͻ1 vessel, manifest hyperthyroidism, renal insufficiency (creatinine Ͼ2.0 mg/dL), and major gastrointestinal bleeding within the last 6 months. Patients with known intolerance to study medications or contrast agents and additional severe disease that might lead to noncompliance or was associated with reduced life expectancy Ͻ2 years also were excluded. Further exclusion criteria were conditions requiring different treatment, serious safety concerns regarding the procedure, or doubtful willingness or capability of patients to undergo the 6-month follow-up.
Balloon Catheters
Regular commercial PTA balloon catheters produced by Bavaria Medizin Technologie GmbH (Oberpfaffenhofen, Germany) were used. Balloons were either uncoated or coated with paclitaxel, produced under FDA-GMP by Indena (Milan, Italy) at a dose of 3 g/mm 2 balloon surface. Every balloon catheter was collected postinterventionally, and quantitative analysis of paclitaxel residue on balloon was performed by high-performance liquid chromatography analysis 11 in the drug-eluting group.
Randomization
Randomization was done centrally in advance for all patients without any stratification. Portions of the random list (eg, numbers 1 to 30) were assigned to a center that enrolled the patients in the sequence of the randomization list. Patients were randomized if they fulfilled the inclusion criteria and had none of the exclusion criteria and if a suitable lesion was identified and successfully passed by the guidewire. Few patients considered candidates for the study who gave informed consent were not enrolled because, for example, the angiogram did not confirm the initial diagnosis, distal outflow was not sufficient, or the guidewire passage was not possible. One center was unable to enroll the assigned number of patients for organizational reasons.
Angioplasty and Follow-Up
Oral clopidogrel 75 mg/d and aspirin 100 mg/d were started as long-term medication on the day of angioplasty. After common femoral sheath placement, all patients received an initial bolus of 2500 to 5000 IU heparin. Further concomitant medication was documented by the investigator.
The intervention was performed according to the usual procedure, preferably with crossover catheter access into the superficial femoral or popliteal artery. After successful crossing of the lesion by the guidewire, patients were treated with Ն1 uncoated or paclitaxelcoated balloons mounted on standard angioplasty catheters according to a randomization list. The investigator could choose an inflation pressure up to 12 atm; balloon inflation time was standardized to 1 minute. Repeat dilatation and stent placement were allowed after acute failure of PTA in cases of dissection and recoil.
Before and immediately after the intervention and at the 6-month follow-up, angiography with quantitative analysis of the target vessel was performed in identical projections (2 planes of treated lesion). The target lesion was identified by an image of the vascular anatomy and a second image showing the inflated balloon(s). These images were compared with follow-up angiograms.
Ankle brachial index was measured before and after the intervention and after 6 months. Other follow-up investigations took place before hospital discharge and 6 and 18 to 24 months after the procedure.
End Points
The primary end point was LLL, defined as the difference between the minimal luminal diameter after the procedure and at 6 months by quantitative angiography. Secondary end points included the restenosis rate (defined as incidence of stenosis Ն50%) in the treated lesion at the 6-month follow-up angiography, target lesion revascularization (TLR), change in mean ankle brachial index, Rutherford class at baseline and 6-month visit, and amputation. Safety end points included thrombotic complications of the target vessel and clinical adverse events.
Statistical Analysis
A power analysis (nQuery Advisor, Statistical Solutions, Boston, Mass) was performed as part of the study protocol. The aim was to detect a 15% difference in LLL between the equally sized treatment groups, which is considered to be clinically meaningful, eg, 0.75 mm for a reference diameter of 5 mm at a level of PϽ0.05 with a power of 80%. An SD of Ϯ1.0 mm for LLL was estimated to result in a raw total sample size of 58 patients. Assuming a loss to follow-up of 20%, at least 74 patients were to be enrolled. The ethics committee approved inclusion of up to 90 patients.
Continuous data are expressed as meanϮSD in the text but as median and 25th to 75th percentiles in the tables because comparisons were performed by a parameter-free Wilcoxon rank-sum test. Categorical variables (given as number and percent) were compared by use of Fisher's exact test. For Rutherford stage, the change in the class number between baseline and the 6-month control was calculated for individual patients. Significance between the treatment groups was tested by Cochran-Mantel-Haenszel statistics, which also was applied to TransAtlantic Inter-Society Consensus (TASC) II classification. A 2-sided value of Pϭ0.05 was considered significant. No adjustment was made for multiple testing. Probability values for secondary outcomes are considered descriptive. With regard to the primary end point, center effects are not significant (Pϭ0.92, ANOVA), and no adjustment was made.
TLR and amputation are presented as Kaplan-Meier analysis with the Mantel-Cox log-rank test. Analysis was performed with the SAS 9.1 program (SAS Institute, Inc, Cary, NC).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Patients and Lesions
A total of 87 patients were enrolled in the study from July 2004 to January 2006 and followed up for up to 2 years ( Figure 1 ). Forty-five patients were randomly assigned to treatment with paclitaxel-coated balloons; 42 patients were included in the uncoated balloon group. Baseline characteristics of the patients are compiled in Tables 1 and 2 . Slight differences were present in the following characteristics: 15 of 42 patients (36%) in the control group versus 21 of 45 (47%) in the coated balloon group were smokers; diabetes was slightly more frequent in the control group (23 of 42, 55%) than in the coated balloon group (18 of 45, 40%); and a family history of vascular disease was reported more often in the coated balloon group (56% versus 36%). All other basic patient and vessel data, ie, incidence of hypertension, restenotic lesions, occluded vessels, lesion length, vessel diameter, and calcification, were almost identical in the 2 treatment arms.
Angioplasty
All procedural data, including balloon size and required additional stents, were similar in both treatment groups (Tables 2 and 3 ). Crossover access was chosen in 31 of 42 control patients (74%) and 37 of 45 patients (82%) treated with the coated balloon. Stenosis of treated lesions as assessed by the investigators was 84Ϯ16% in the control group and 84Ϯ11% in the coated balloon group. The interventions with coated balloons were performed exactly the same way as those with uncoated balloons. No technical problems or adverse events assessed as at least possibly related to the drug coating were observed. The total dose of paclitaxel in the coated balloon patient group ranged from 1.3 to 12.2 mg, depending on the size and number of balloons used. During the procedure, Ͼ90% of the dose was released from the balloons. As a result of recoil or dissection, nitinol stents (Luminex stents, Bard, Tempe, Ariz, in all but 2 patients) were implanted in 6 of 42 and 4 of 45 patients. Residual stenosis after treatment assessed by the core laboratory was 27Ϯ14% and 23Ϯ13% in the control and coated balloon groups, respectively, which were somewhat different from the investigators' estimates-12.4Ϯ9.5% and 16.1Ϯ13.9%-in these groups.
Follow-Up at 6 Months
Details of the follow-up are given in Table 4 . About equal numbers of patients in both treatment groups withdrew consent or were not available for other reasons for the Compared with before the intervention, Rutherford class improved in both treatment groups, but the improvement was larger in the patients treated with the coated balloons (Pϭ0.045). No statistically significant difference between treatment groups was seen in the change in ankle brachial index during the period from shortly after PTA to 6 months.
Randomization according to inclusion/exclusion criteria n=87
Adverse Events
During and shortly after the intervention, 4 adverse events were reported: 2 events in the paclitaxel-coated balloon group (peripheral embolism, skin rash) and 2 in the control group (allergoid reaction, temporary serum creatinine increase).
During the 6-month follow-up period, 1 patient in the paclitaxel-coated balloon group died as a result of multiple organ failure, which was not related to the study medication or PTA. In 1 patient in the uncoated balloon group, bilateral Values are median/25th to 75th percentiles (n) or number of patients/total number of patients for whom the information is available (%). Values are median/25th to 75th percentiles (n), meanϮSD (n), or number of patients/total number of patients or balloons for whom the information is available (%).
*Sizes refer only to the largest balloon used in a target lesion; multiple balloons were applied in some patients with long lesions.
below-knee amputation had to be performed within this time period. A comparable number of serious adverse events, including any hospitalization or prolongation of hospitalization according to the common definition (serious adverse events), were reported in both treatment groups: 22 patients (48.9%) in the paclitaxel-coated balloon group and 22 patients (52.4%) in the uncoated balloon group. Most of these serious adverse events were due to vascular disorders, including TLR, which was significantly more frequent in the control group (14 of 42, 33%) than in the coated balloon group (3 of 45, 7%) (Pϭ0.002). The majority of TLRs (10 of 14 in the control group and 2 of 3 in the coated balloon group) were stimulated by documented complaints the patients had before control angiography was performed; in the remaining cases, the decision was based on the angiographic result.
Neither of the 2 treatment groups showed unexpected adverse events or an unusual frequency of adverse events.
Follow-Up at 18 to 24 Months
During the period of 6 to 24 months, 3 patients in the control group (1 patient after amputation of the foot of the target leg) and 6 patients in the coated balloon group (unrelated) died.
No additional amputation was recorded. Seven patients in the control group and 3 patients in the coated balloon group required TLR before or during the 18-to 24-month follow-up, of which 3 and 2, respectively, were clinically driven. Three of 14 patients in the control group who had a TLR within the first 6 months required bypass surgery of the target vessel segment; 1 patient of the coated balloon group underwent repeat PTA. Patients who did not require interventional or surgical treatment of the target lesion were asked to attend a follow-up examination 18 to 24 months after the initial procedure. Patients who reached a clinical end point that made further assessment of the effect of the initial treatment impossible or difficult (death, amputation, TLR) were excluded. No Doppler or angiographic information was obtained from 7 patients in the control and 9 patients in the coated balloon group; however, 1 of 7 patients (control) and 3 of 9 patients (coated balloon) stated that they did well with respect to the treated leg. Fifteen patients in the control and 23 patients in the coated balloon group underwent Doppler sonography or angiography. In these patients, percent stenosis as estimated by the investigators and binary restenosis rates were identical for the treatment groups ( Table 4 ). The Kaplan-Meier presentation ( Figure 2 ) of survival without TLR and amputation indicates a persistent benefit of the drug-coated balloons (Pϭ0.013).
Discussion
A variety of methods, including brachytherapy, laser, atherectomy, cryotherapy, and stenting with bare metal and drugeluting stents, have been tried to improve acute success and long-term patency in patients with femoropopliteal occlusions. Only rarely did controlled randomized trials indicate advantages of new methods over standard treatment. [15] [16] [17] In the present study, the efficacy of a novel drug-coated balloon catheter for the prevention of restenosis after treatment of atherosclerotic femoropopliteal lesions was investigated. The study design included a control group treated with conventional balloon PTA, which is considered the standard therapy. Patients were randomized to 1 of 2 treatment arms. Stent implantation was permitted in both treatment groups if the primary result of PTA was not satisfactory and was performed in about equal numbers of patients in both treatment groups. Owing to slight differences in the appearance of the balloons caused by the coating, blinding of investigators was not perfect. Quantitative angiography was performed by a blinded independent core laboratory (U.D.), providing the data for the primary end point (LLL), restenosis rate, and other parameters. LLL was chosen as the primary end point because it was found to be the most sensitive parameter for recognizing restenosis caused by neointimal proliferation in cardiological studies. 18 Other radiographic and clinical measures indicative of target lesion restenosis also were observed. The initial follow-up was planned for 6 months, resulting in a mean follow-up of 7 months. A second follow-up was planned for 18 to 24 months after the intervention.
The patients' mean age was 69 years; the majority were male; almost half of the patients were diabetics and smokers; Ϸ80% were hypertensive; and almost 60% suffered from hypercholesterolemia. The proportion of type C and D lesions according to the TASC II classification was 43%; the incidence of restenotic lesions was high (Ն33%); and the mean lesion length was 6 cm, which is not high but at the upper limit of comparable trials. 19 The incidence of risk factors is reflected in the high binary restenosis rate in the control group already 7 months after the intervention.
The primary end point, LLL, was significantly different between both treatment groups in favor of the coated balloon group (coated balloon, 0.5Ϯ1.1 mm [nϭ31]; control, 1.0Ϯ1.1 mm [nϭ34]; Pϭ0.031) at the 6-month follow-up angiography with no large difference regardless of whether primary or restenotic lesions were treated. This result was confirmed by a significant difference in the secondary end point of binary restenosis (coated balloon group, nϭ6 of 31, 19%; control group, nϭ16 of 34, 47%; Pϭ0.035) and the clinical end point improvement in Rutherford class at 6 months compared with pretreatment (Pϭ0.045). No coatingassociated serious adverse events were observed in this study.
The advantage with respect to TLR was maintained up to 18 to 24 months after treatment. Patients who did not require TLR did equally well in both treatment groups, whereas this proportion was significantly greater in the paclitaxel-coated balloon (87%) than in the control (50%; PϽ0.001) group.
Delivery of a drug by coated-balloon catheters differs substantially from delivery by drug-eluting stents. Whereas drug-eluting stents contain low doses of drugs that are released slowly from a polymer stent coating, the drugeluting balloons used in our trial are coated with the free drug. A small amount of a radiographic contrast agent known to improve the solubility of paclitaxel added to the coating leads to enhanced dissolution of the drug. 9 The coated balloon releases most of the drug immediately during the first inflation when there is short contact with the vessel wall for 60 seconds. 11 The duration of inhibition of cell proliferation far exceeds the time during which the cells are actually exposed to the drug. 8 -10 Postinterventionally, only about 6.4Ϯ2.9% of the original paclitaxel dose was found to be extractable from the surface of the balloons used in our trial. Although animal studies 11, 20 indicate that as much as 70% to 80% of the drug dose might be lost in the bloodstream, the remaining dose and duration of drug exposure seem to be sufficient to prevent neointimal proliferation. 8, 9, 10, 20 The lack of efficacy of drug-eluting nitinol stents shown in a clinical trial 21 may be explained by the fact that no sufficient drug concentration was reached between the stent struts during elution. The distance between stent struts of nitinol stents for peripheral vessels is larger than in balloonexpandable coronary stents. The drug that is delivered by the coated balloon is distributed more evenly on the vessel surface than the drug bound to the struts of a drug-eluting stent. 22 Schillinger et al 16, 17 recently demonstrated that primary placement of bare metal stents in femoropopliteal lesions may improve patency compared with PTA. In our study, stent placement was performed after failure of PTA (control, nϭ6 of 42, 14%; paclitaxel, nϭ4 of 45, 9%; Pϭ0.51); 2 of the patients in the control group and 1 patient in the coated balloon group required TLR, whereas the LLL in the other patients was below average. Data comparing treatment with primary placement of bare metal stents with use of coated balloons are still missing. However, performing angioplasty with a coated balloon does not conflict with the placement of stents after PTA has failed.
The primary limitations of this study are the small patient number, the heterogeneity of the population, the small proportion of long lesions, and the less-than-optimal number of patients who agreed to undergo control angiography as part of their treatment plan. None of these limitations favors one of the treatments. Risk factors were balanced between treatment groups, with a slightly larger number of diabetics in the control group and a slightly higher number of current smokers and patients with a family history of vascular disease in the coated balloon group. The short duration of the follow-up is a further limitation of this study.
The results of the study presented here are in good agreement with those of the recently published Thunder study 23 (Local Paclitaxel Delivery to Inhibit Restenosis During Lower Extremity Angioplasty), which had a similar design. Both studies were initiated at about the same time by different clinical investigators in different hospitals. The Thunder study differed from the present study by including a third treatment group that received paclitaxel in the contrast agent. The patient populations were similar. In the present trial, a larger proportion of patients smoked; there were fewer patients in whom a popliteal segment was treated; and the proportion of total occlusions treated was somewhat lower. Mean lesion length was 7.4 cm in the Thunder trial and 6 cm in the present study (median length is shorter). The proportion of patients who required stent implantation was low in both studies and more balanced in the present study. In both studies, the primary end point, LLL after 6 months, was significantly lower in the patients treated with the paclitaxelcoated balloon; however, the mean LLL in the control group of this study was lower than in the Thunder trial (1.0Ϯ1.1 versus 1.7Ϯ1.8 mm). The difference between the control group and the coated-balloon group reached the level of statistical significance (PϽ0.05) also with respect to the secondary end points, binary restenosis rate and TLR at 6 months and after 1 and 2 years (Thunder) or at 18 to 24 months in this trial. These results indicate that short-term exposure of injured arteries to paclitaxel may be sufficient to inhibit restenosis during a critical period of time after angioplasty of femoropopliteal arteries.
